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Abstract (Basic) : JP 2000106455 A 

Abstract (Basic) : 

NOVELTY - Recess (110) and projection (114) are formed on growth 
surface of a substrate (100) . N-type gallium nitride (GaN) film covers 
the substrate such that a cavity is formed between the film and the 
substrate . 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
nitride semiconductor manufacturing method. 

USE - For light emitting element e.g. blue light emitting diode 
(blue LED) , blue laser diode (blue- LD) . 

ADVANTAGE - Prevents generation of crack, even if the thickness of 
the gallium nitride film is increased. Enables production of LED or LD 
with very high luminous efficiency. 

DESCRIPTION OF DRAWING (S) - The figure shows the nitride 
semiconductor structure . 
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#ffltc&-3-cwasi 1 1 zBi&LtcmjMmmm 1 o o 

t. JraX*SitS«l 0 0tt±(CnMGaN^*8 MmfiS 

Ltcmxm&mfo 1 o o^nxfljigssi o o±(cjsii 

[0 046] fiKgJ8««£ LXV-Vr ■{ 7»ffi©Cffi£ 
flft»fc. H3©J[IX*J»S«1 0 0BFI BftfcfffcGM 

1 1 ltt. 4§b = 1 urn, IJh = 3Mmt, M<Dfflm 
©JSWL = 3 ymf**. C©itOS}gCl 1 1 
«t7r-f rg«tC*f [11-20] t [-21 1 
0] *(S]t?*S„ 

[0 04 7] ^{C. tiaJM&M&l 0 0«CMOCVD$S 
g?rffl^TnlSGaN®**SSfiSfiL?c. 03©flnx«| 
i£S®l 0 0£#«&&K U MOCVD 

.tfj^n-*. seasi 0 2 5 , ct > > flux«ms*g 

10 04«10m If-v^? <J-~>^Ltc a X 
tC. SffiSS* 5 0 0 "CKTtf . I I I^Jl^it-rT 
MA ( h 'jy^^TJl'Sr.^A) 20c c/m i n*, 
V^K^fiOrNH i 5 0 0 0c c/m i n£gfe£U 
i|f|5 0 n mOA 1 N A » 7 rl^ffiU tfc. 

[0048] ^{C. SffiSS^ 1 000 "CtC^va L/. T 
MG(50cc). NH 3 (5000cc) <!: Kt--^ 
^■C*-5S i H« <->7>) nSGaNl 

[0 04 9] mmmmi -ca^^OtCnMGaNM 

SSSPl 1 1 a^MSGfcglbfcSSGaNJ&icJ^-aito 
ti. n^GaNM^JS'ftUSto/c. S^JCRgS*^ 
It. nIGaN H©JS*#i 8 y m?Ift-Cffa?£{i©f£* 
(t*5j 1 0 5 ~ 1 0 6 c m-'SStC^f o/c„ fi[f b«N^ift 
SR©;<> FffittiS*fc©PLf8(8&£ra. H)5te©m^ 
1 il5li;<^{C®< . TtPO^^CCiS^-f-^W^ 

Jfe©^ 1 D < i^.&!B©G a N#Jg*^fiK3 tott. 

[0050] *mM<nBmzx-\mmicft-? z>m<DW.z 
omtmumz ttmmomm 1 ©t§^^ o *>^< % -> r 

*j0. jtimrO 4>«©it!l3*i^^<-r5cir«tBRXS 

[0051] itc. &mfo<DBi£x-tt. mcofifaibm.®. 
©^tcjFMsn-c^s. t7r -<7mmczib~c< 1 
1 - 2 o>ym(omt. v-?t >(rwm>cm^K. [ 1 

1-20]. [-2110], [l-210]©3ffi# 
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m2vmsLfcmi:m&mm^ smo^faoft. 2 m 

V»KfikSft»9QkO«]B 1 <D**i± Jfr*T 1 tfrfM^S* 10 

[0 0 5 2 ] (%Sfc(DJHB3 ) ^^113(2. 
©»»2 0SOB«r*0. 1Bta*M2r^l,fctf? 
r^rifi<i 1 -2 0>©^fc3«*r©#injtt:rB 

(CKU-C3«CD< 1-10 0>*|fiI^r*ajRl//cC i 

CO 0 5 3 3 H4fc*3lte<Wi5Jft3CcJ:- 3 T«J«3nA: 20 
J!jflX«igg« 1 0 0 *HJfi(DJI5JS3 If 7 r 

>CTStgOC^±tC1f7T ATWmo [11-20], 

[-2110] i [1-210] *I$KC»oTj|iaBl 1 

2 l /dnxfltitsc loot, mxmmmfo 1 o 

£o tTRc, ^^©*«3rfWL^XflWt«Rl 

o o fc-^c^Kwra. sKSfflSSi utf^ r>fri 

«<DCffi*ffll>fc. H4(D»DX»j&S«l 0 0BHSKJB 
«2iHI«CCF I BRiSWUrfWUfc. ^^t>T 
rSS*ffi±OcJKjSEShfcSli 1 2H\ tab = 1 um* 30 
SIS h= 2 ii m"C, jH©BIH©— flJWL = 4 um-C* 

X, [11-20], [-2110] i [1-210] 

[0 0 5 4 ] #H*<WBJB3-C«:, ifSMgb/cGaN 
3 JI<D:#tf] CDS * (CJt LtSI^^ Cc 5 f" 5 ^ fit 
filtl^ 0 *fc. XttO»lB2£R«CC»Soai3h 

[0 05 5 ] *90B<!»&JB 3 r» 6ft fc»«<EfiUHKft 40 
6WCP L^9i«(CJ:5ift*tt3afi<DJ&ll82©-€-fti 

ratfBKrc*ofc. ccoc<b^6, *jfi<Djf$iS2iiai; 

<ffia D n M6DGaN^JP^Jf^3ft, S/c. &5v2<Dm 
[0 0 5 6 ] (ICtfc<DJftB4 ) *Hffi(D^J4 B, USS 

©jbss 1 1 tci&mt&tDmm 2 <D&mmvs> *k ? a 
rwm>cm^y y -yts^commk^hu 

*©»)B4rf«l/fcJ^«H6«Sfic^t^rittwri. 
[ 0 0 5 7 ] V-y y H 7S«MIiS<tW^r^S 50 
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GaN4©xtf$ + i/t^H«tt, (01-10) sapp 
hire// (0 1-13) GaN, [00 0 1 ] sapphire/ 
/ [2 - 1 - 1 0] GaN-C&&.. fi£o-C, MIif7 7-f 

rlfitcsur [oooi] (l-ioo)M 

^t?3tSB£, [2-1-10] *fil«ciSoTai 

nffi-cs>^Mffi ( (l-iooii) *^-c*»o.-a 

tit*©*. « fcBBMt^ 7 -f 7S«OMl±lC» 
fSU Cft*ftlX!*ii«S£T*. )t#fa<D#CQflSB 

L//c«^ttHtt©JBM2 (CJSf*. 
[005 8] *IB»©0«4tCl|IOr»a<D(iIb = 2 m 
m, aiSh = 3Mm, StOfHPgO— J§g8L = 5 ji m"C, 

(tefiHBffittfttCl 0 6 -l O'cm-'gRtft^fc. C<D 

^^^*.->**jfflLfc-€'ftiit^rsarasa['c*^ 

fc c #|i||&<D^!£4 *c(i, ±KSBfe<DJB« l-3©j;^ 

*&»3 fcjt^r-towaiBffiSflWpi i «aaM< 

fclooBBgibTifSffla^A&ftS. PL$S*5B 
ftfc. 

[0 05 9] (3£tt<Z)JftR5) «a6©»*5«, %tt 
Jg«l-3©KJBWI'C*<!). f^T^TlWCM^ 

tc. ^Jfc©^«5T?f^Lfc*DX«fi«««COt»TSi 

[0060] y 4TW&km±frmm^mwx$> 

f*CD^B e B^S^mc J: oWt ^TltAli G a N 

t<D&fammtviT<D2mftft&-?z> 0 (2-1 

-10) sapphi re// (0 0 0 1 ) GaR [ 0 0 0 1 ] s 
apphi re// [2 — 1 — 10] GaN, [01-10] sapp 
hire// [01-10] GaM<h, (2-1-10) sapph 
ire// { 0 0 0 1 ) GaN, [0 0 0 1 ] sapphi re// 
[ 0 1 - 1 0 ] GaN. [01-10] sapphire// [ 2 
-1-10] GaN-C&£„ U«©i5loin«€rxlf 

a#©-€-ft*xtr^*^ + ;HSB«2i-r 

[006 1] it^ + i/t^BBftlO^ V7r4T 

SffiAffiicggur [oooi] *inii*© [oooi] 
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?i&)t3 2. 4° <D#faCC v &&1>B [01-10]* 

*7r4raM<M«llBr*4MB ( {1-10 0} 
ffl) <LRi ( (01-121I) «:*ft**i£A,r*f 

GaN(D^'T7;Ufi£SCC>[tOrSi:"C$)^o cneos 
[0 0 6 3 3 *tc. xtr**^ + ;l/Hflfi2 0»^, iJISB 

r -y t«sa®cck ur [oooi] t 

tdtX^O [0 0 0 1 ] #|p|£3 2. 4' O^fojCCiQor 
SJ*<0«W(D*l^«*7r -/rSfiCDiSBBffl 

r&£MB ( (l-ioo)i) -f 

wo^b. vvr jymwDmmm-efo&Rm ( {o 

1 - l 2 } ffi) i^riiS. ch6o#ficWt:fr*, 

[0 06 4] it*[^0*CC«a*ffJJ6Kl/ft:a^Wia2 CD 
^ttO»JB 1 fC, eft 6>»»*«*^fo-l*"Cm L//c« 

^tt^«s©»s82 *fctt3e»<D»j»3 (c*n-eti»sr 

[0 0 6 5 ] (ISSIscOJgJB 6 ) 6 ^Ife 

(*WSGaNi(Dxt^ + ^tWtt (0 11- 

2 ) sapphire// ( 2 - 1 - 1 0 ) GaK [2-1-1 
0 ] sapphire// [01-10] GaNT#>& 0 fi£^T, 
tr^rVTSteRffitCBOr [2-1-10] *ft(C 

(1-10 0) Bt*tf»W*JBfitr*. »B|50*IrIW 
"9-^ r -f yg#*<D§?BHMr#£MB ( {1-10 0} 
BE) «r^rt»S. ±K*rnl«:*7T-rrS=R©Rffi± 

KJ:or»6ftfc«ffl^ttl£Bttl O'-lO'cra-' 
efl!r, -Jl^&Se*ttWr*4v^i;y<5f^>«:5piJffl 
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[0066] (mm<D&mi > *3as©»»7 

H - S i CStSCD (0 00 1 ) BK£BLfcJ2WB±iB 

**o»«c!:ra-r*4. otic, ^mmmmix^ 

MLtclMXffimmmc-z>^Xl&W'fZ> a 6H-SiCS 
m<D (0 0 0 1 ) [H±6CS^fc!»*a»i*r*4GaN*x 
\***ls + frl(Z&2i£1tM^ 6H-SiClg(00 

0 1 ) ItGaNi©xt^ + ^t;«tt (0 0 0 
10 1 ) 6H- SiC// (0 0 0 1 ) GaK [ 2 - 1 - 1 0 ] 6H 

- SiC// [2-1-10] CaN, [01-10] sapphi 
re// [01-10] CaNr^^o 
[0 0 6 7 ] SE-sT, 3t*6H-S i Cg*g (000 

l ) ffitcMbr [2-1-10] *^(c, *si»b [o 
i-io] *w«c»or»j*r*. «r«©»»D*fiitt 

6 H - S i CIS (0 00 1) ®£>§f&0M-C£>£ { 1 - 
10 0} ffi*SA/C*i»3, ®g©**iB6H-S i Cl 
fi(00 0 1 ) ffiitClSajaSL/fcGaNO^f-^Jl/JiR 

stcwursitr*€, 0 cfte><D^ft<D>i-;££, *fcB 

20 6 H - S i CII ( 0 0 0 1 ) IltCMl. C 

[0 06 8] fr*m©*fc«t»jsSLfc»^Jd9afco» 

inc. ct\%m^zm&&t)&xi&f&Ltcm^mn 

<WB«2*fcttjOll©»»3tc«fa. «IE»0*«7 

^r^o/c 0 

[0 06 9] <Hlfi<WBSR8 ) #IHfc©0J88 B, HSfe 
»»l^6IS»©}|5J!B3©SBgffi|r*»), tr^r^TS 
i<7)CI^Mg A 1 a O« (v^t/7Xt'^;b) 

30 din m(>cmiLtcamt±tmm(onm.tm—x 

[0 0 7 0 ] MgA 1 2 0 4 S«CD (111) BifcSft 
^5*^<$r ^> SGaNixt'H^t Jl/fiRfi 3 if /c» 
MgA 1 a O«g4K ( 1 1 1 ) ffitGaNtOxtr 
W^MtftB^ (Ill) MgAl 2 0,// (0 0 0 

1 ) GaN, [-110] MqAl.Q,// [ 2 - 1 - 1 0 ] Ca 
K [11-2] McjA-1,0,// [0 1-10] GaNT$) 
*. 

40 [0 0 7 1 ] MgA 1 2 0<m&® (11 DM 

±tcnaur [-110] Jjfalc {100} M£#tri#3P 

**ir*tt [ii-2] *ficc?&orsw*«ja-r 

So U#©»Wo^r6lBMfirA 1 a O,Sffi (111)1 
©»BBBHr*i {10 0} Bt^rfcO, 
ttMgAl,0 4 »S (111) S±CcM^fib/cGa 
NcD7f*^;^S^LrSiSr*a 0 cneo^^KD 

Jt**. SfcttH**MgA I ,0 4 Sfi ( 1 1 1 ) ffiJb 

tcBfiSL, cti*aiaias«t-rs. 
[0072] i WQv&foffi&zmmLtcm&ammo 

50 »»16C. Ctlti»«*itt*^to^T»J«Lfc»'&B* 
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[0 07 3] (^Jg©^.«9) 05 (a) «. *HJ6© 
Jf^9KJ:^Ttt$gStt;fcGaN^©m/£B£;^-r. 0 
5 (b) ^^5SCD^9-C^S-r5GaNS(DSS 

m±vmmtK.W£M 1 l 3Sr^(t£L.;fcflin:tSjgS«l 
OOi. ttIXfilJ*S«a_h(CG a NIK 1 2 2*3 Oym 
!8M$i*tcm&frt>ti:Z. «TK, JfrSgSfetDJfcJgg-CfE 10 
SLfcJniflfctSSl 0 OKoHTWJi^K, H 
V P Ett*flH.»fcG a N^fe^MtDf^^fcoC^-CfB 

[0 074} ^mmmmtOr^yr >frSI50CM€r 
^3L.fc. H5 (b) {CTftU-CifcSJjnXflligSSi 0 0 

-i±; Ar* j*>$v x/mzm^-cv ?r jTmrnm 

[007 5] JifSXgtCj:^r{^{3n/c[!3ei§P 20 

1 1 3*WT£»[JX«j&®Kl 0 0±CCGaNJSl 2 2 

fc a GaNHl2 2SMfi»«C H,^7P-^ 

sksisi o 2 mxm&mm 1 o o *» 1 o# 

PdL !/-~>£/Ufc. &CCGaN|£l 2 2* 

ftfijatfiSti-a^ACC, VMXiOtNH 3 ^i + 
t >;7H 2 ^^tlf ti2 0 0 0 c c/m i n, 10 

0 00cc/mintfi^fc^* 4 I I I BWXfc 
o^rtJHVPE^fCf*ft7 0 0°COSS-C«^ 30 
StlfcGa^BLWC. HCl^lOOcc/min^: 
ffittLtGaiHC I ^<fc<DRj£*JSfittt?*5 I I I 
Wmtmt** 'JTH,^ 1 000 c c/m i n£* 

-/>^Stir^5HVPESEfi«(c3l*)i&*, GaNl 

1 2 2*^J3 0 umfS&^mc 5 Ct 
(a) tCiStGaNI^M'Ct^o 

[00 7 6] GaNll 2 2©ffiM*5 Mm*«*.fc2Z 
0^6, »QX«®SS1 0 oaBCCffiRL/cEIflSBl 1 
3**ffl»ai5ftHLfc**GaN«l 2 2THtoli, ^pffl 40 
{tUtefefc. S6tCJ0Efi*tttt. GaNH22 

fcGaN«iti©»iiefik**OttB. 

tfwiufciiSfiiKtt, *©wjti!aEfiaH«:*yi»Tji6fi so 
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*W LT i>r fefl^ffiioj^ttSft*. 
[0 07 7] &L±> ftS6»CMej8«c*jlir«, «JiK3ti 

ffi©*fb**»(*. «*tfA UGa v I n*_,_ v N (0 
Sx^l, O^y^l)^, AUGaJn 
i. 1 .,N(0S--x^l, 0^y^ 1) <DffifSjm<D-m 
mmtl 0%&T) *B, Cr 4 V t Ti, Nb, T 
a, Zr, Sc, TU Gd, La, As, Sbft 

[0 07 8] (30k<DJftBl 0) H6». *36*<0»» 

»WKB"Ctt, iaBB«2rf»3nfcnffiGaNBfl' 

^»DX^SS«2 0 OiUiCC, MOCVDgfW^t 

[007 9 ] J£TRC. ^^lO^M^C!) 

©nlGaNl) 2 0 0 *MOC 1 
0 5 0 W-v;^ «;-->^tf MOCVD 

tNH,^S, I I imtf^tUXTMG 

jV*f iKt-«6«iLtSiH 4 (^» 

#**m>, SS^SIOOOCTSIOS i F-^n 

SGaN12 0 1 «r^fc!»*»tt:|||JS±CC 3 m mJSfeSS 

i*tc a 

[0 08 1 ]^r, I2(D^7 * F»*f1*-r*fctf> 
tc. I^XiltNH 3 , TMGtTMA (MJ>* 

*ffll\ S i F"7'nSAl 0 . 1 Ga 0 . ) N1202^ 
0. 4/zmte3t/c, • 

[0 08 2] ^tc 4 I3<D^>f KH*fWr4fc*fc 
I^XiltNH.iTMG^, F^-^RK«JtLr 
SiH,tfX*ffl^ Si F-^nSGaN12 0 3* 
0. 1 AimJSfcB3-&fc. 

[ 0 0 8 3 ] 31 4 O^SM^#^r^iM*{^-r 

SfcfetCHS^iU-rNH,, TMGiTM I ( b 'J 
y^;V-0£P^7A) *, Ft-^RItftiLtS i H 4 ^/ 
**JBl>, Si F^na©^ll-f#pIn, tl Ga 
0 . 8 N (2 nm) / I n 0 ., 5 Ga 0 . 9S N (3nm) ^2 
0 4*5HJ»ft«Lfc. ttl^r. XfBS^FiSttS* 

TLStoai^^CCpgSA l..,Gap..Na^B5±JI2 

0 5*3 0 nm^£S3ii/c 0 

[0 08 4] ^cki. msoiytm bm*{twt'?ztc#>t ( c 

LtEtCp 2 Mg ( t'Xx^y^p^>^^x^ 
v^^i-'^A) *ffll\ Mg F-^pSGaNJ12 0 6 
*0. 1 Mm/ffig3lf/c 0 
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[0 08 5] iwt, meotvv mzftWk? z>tc& 

JBH*'^iOTNHj. TMGiTMA^ T^-fe 

^"pfflA l 0 . l Ga D . 9 NJ12 0 7«:0. 4*imJg£fiS* 
tc. 

[0 0 8 6 ] *»tC»70n>*^ h»*ft«rafc«> 
K. S^iltNH,, TMGiTMA (MM* 
;PT;l^.=^A) * % T^fc^^RftftibTE t Cp 
^g^tfflU, Mg K-7*p§2GaNJI2 0 8* 
0. 5 wm/&g3ii7co 

[0 0 8 7 ] S6tC % LD*^fc0fctf>eCjE*ffi2 1 
0, tSS2 0 9 tftlf hMg F-^pSGa N12 

0 8, Si F-^nSGaNI2 0 1±icMl/c e ± 
IBLD3R^tliaOnMtp^<D«Jl*tttt, 5fctc p 

[0 088]$^ ±ELDjRiP«»tt, HfK<DJBK2 

IS2 0 0«ffll» IGHlO^lBl. 3-9CD7??£ 
■CfHH3tifcGaN«*«ffll/r*>J:C». $e>KB v & 

#8eS6(OJBJ85Cj:t)»6*ifcGaNBI 

[008 9] Oj&tt 1 0 «fc o X ftM § ft ft: L D 

JR^f* 5 0 °C#H^T, 2 mWjEttftOff&tttiKHMCC 

c zmummmmRx sooo «wmeu:©sM« 

X'&%titcmtt<Dm2Q%M±<Dfa_tXfo-Dtc 0 CCOJ; 

[0 09 0] (5Hfc(DJ&« H)B7«, *I£S6(W&« 

1 1 tCiot^^n/cMf ^Mi It LE DfT 

»Sn&WI«^ft«Jt±«C, MBESItM^tL 

[009 1] 3!E*©0*irf«H3*ift:nfflGaNR« 
£JjOX«ii§Sffi3 0 0*MBE=£gCtSK2lU il(Dn 
MGaNI3 0 U2/ira^S3^c B 3C«C, ^2©n 
M*-fiT-#F I n 0 .« s Ga„. SI N«3 0 2*4 nmff 

SLb©S{fc%¥*ttJi *f&B* tc^jfe iri^^J: 
^tCp^A l.^Ga^.N^IWitJiaoa*! 00 n 
m6£g£iffc„ Sf&fc, l3QpSGaN3>^i7 Mi 
3 0 4*0. 4 jirofiRfiS-efc. 
[0 092] Sfcfc, LEDfc^HfcOfc*, IEHffi3 0 
6, t«fi 3 0 5 « * hM g K-^»3 Op SG a 
N^>^^H3 0 4, SglCDn§lGaNJ!3 0 1±CC 
fcf£ Lit. 
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[0 0 9 3 ] *9Qb(DJIMl 1 ici^rfWSftfcLE 

fc. HL E DJR* * 1 0 0 0RFMf*©fs»KilCc*Wte 
tCi, S*lffl»fiB$<!) 9 7 % fel±©JBHItt«» ZCt 

[0094] ±taL e d mmomm 

1 -CM L fcn SG a N|g Wt^cttillS 3 0 0 
^©0»2^9©^rft*3*lfeG 

g a Nm<Ditmt*nM<D&mx(DL Dm+w&iorm 

tt. Slllli<0»»K<tO»6nfcGaNilfr6ttX«a 

20 [0 0 9 5 ] <Hifc©J&lSl 2) ^9 (a) «. 

©»BtCj;r>Tfi*3ftfcGaNIB4 0 5©«/£0*^ 
H9 (a) cfioffl^ (Ga Ni4 0 2 £Ga 
NK4 0 5iOS»lB) «H9 ( c ) ©^4 0 3 (DDOCi 

3HE4 0 0±CC*SflJ5SfibfcGaN^3r^rJi4 0 1, 
GaNJ1402, G a NH4 0 2 ±CCJBlfSS *ife»4 0 
3, ±ie?84 0 3CCcto-C4Dfc2g}HSIJ4 0 4£GaN 
B4 0 5*>&fl|tfESIvCt»*. 
[0 0 9 6] ^C. #!6tt<DJ$« 1 2 ©fpJj^ftCCOC^ 

U/c n "9-7 r ^7Sf4 0 0*MOCVD2£g*F 

rtfcfcjSU SffiSSl 100U H.SEMW-CIO 

^^y-^>^*tf-pfc. *ftt>r, iii% 

I^iltF^^'J^A (TMG) «tVBU184<!: 

itr>^r (nh.) *jS»^oc«ifcu 

S5 5 0 < CtGaNAy7rB40 1*3 0 nmfiSfiL 
tc a ±EflSfitt* GaNA^r HtWc AINa 4 .^ 

rJifcflyBurfcftt*. cne^'^Ti^st^fc 
i^^tiAffifi^^^sjn»is»Br«»s. GaN^y 

40 7ri40lMSlWi 4 iSfig^iosotir 
3SSlit, GaN14 0 2*3 wmffig^t & 
tc. GaNI402itSMgWcli («T, -fr? 
r-/Tft^GaNSffi<blB-r o ) *MOC V D$£S*F30> 
eaXOWLT, GaN1402I±iCF I Bffi*ffll»f 
GaNlSfitC*tLr< 1 1 -2 0>^ci4 0 3 *Jf5 
f&btc* »4 0 3CE>lllfiffiBGaNttftO^*Wffir* 
& {1-100} ffi*^TL»S. CCO£*0C?Bfifc3*l 
fc«4 0 3<D±ffiHiKfflHt*ti**lBI9 (b) tH 
9 (c) tCmUtc^e BI9tc^$n^J:^cc, eSSffi 

50 »JCCGaNJR^gg:W%*ifca«i4^r^& a 
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[0 09 7 ] 3140 312, »Ib = 5wm. g£3h = 2ji 

mx\ mtm<omm ( i/sffl) l= i o Mm-c&s. c 

<£><t *<Z>»(D« b <h3tcDi£3 h <h cDHflfiB** < i *> h 
^0. 2 xb£« B 

[0 09 8] ±E^ffi«CJ:o7:0JSR3tifc»4O 3*S 
tfGaNJi4 0 2±CCGaNH4 OS^HVPES^ 
UT2 0 0/imMl/c o C©GaN«4 0 5©ffiJ«# 

[0 09 9 ] ±E*:7 WTtt*GaN*IHR* 

wa»«icr+i»K:a5»u, HVPEgmPMcwm? io 

*tCGaNil4 0 5*«rartS3-&*te«>K:, 

0 0c c/m in, 1 00 00 c c/m i n~C*g-£l,fc 

I I I^XCCOli-CBHVPE^grttC^fe 
ift7 0 0^(B«flrcfi^3hfcGa^i:tt:, HC1* 
7s 1 0 0 c c/m i n^rtfeteLT GaiHC 1 <h © 

PEfiSSipfcJJIOii*, GaNI4 05^2 00 umf& 
SSttfc. GaN«4 0 5tt«4 0 3*^£*cSS«S-l* 20 
"CWWctfSLfc. ^?IStitGaNl4 0 5£Diffi 

*H*<D3I5J8 1 2 Ti#6*a/cG a NJ5S4 0 5 CDMiifcfir 

1 o i o o ] au o 3<DmmBmzmz-e&^tc&, g 

aNI4 0 5#Jffifir*fM8-C {1-10 1} ^7^9 
hBWaBJ&ftStifc (19(d)), Ctitt {1-1 
0 1 } ffi#*Offe(DH*ffifcJ:t^rGaN(D*SftJfl6fta 30 

0 3 £< 1 1 - 2 0 >^(cMb/c^tt ttfttft¥* 
(UtcGaNttl) icMlt, fOOODItc 
tb^r*SSfiSfiiiK©ilti { 1 - 1 0 1 } ®£ili4 0 3 

¥mtm&<D ti-ioni (*suj7 7 -fe? ha 
iir) *J^ti4*ffir*n«, ±ffliftcD< 11-20 

[0101] GaN!405^»40 3 *»»3 tfr l> 

< :/ p 42 * eeoor o& 0 fce*yT© c t tut*** aq 

fc. G'aNJB4 0 2±CCj&J5dES*i/c»4O 3tt, GaN 

K4 0 5<DJEaESitfc(csi©a3*w<ttofc. cn 

\t % {0 0 0 1 } mx<Df&S& {1-101} WX<D!& 

5 5tm*5fctfrc*S (H9 (d) ) . U - 

10 1} ffi*iffi©ffiJ:»3feGaN©*SafiSfii»K*«ai» 
(icffiSORAEKftSftlO . {1-10 1} Wlcm 

&LXStcGaffifrtfiG*UtK r ,xm?)&iti&fflfc 
{0 00 1 } B0CGafl(^jWtt*tH3*iTLSl,» % {0 50 
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00 1} ffi±rNH-T-ilS^LrGaN3Stfjatfi^Sfe© 

[0102] G-aNB40 5<D«ftJSfcfi«!iit?{COhr 
{0 00 1 } iOMSi^l, AHFtfUCCU { 1 - 

ion 7r-fe^ hBr-H^n^ft^cDHOff^K^ 

«rr***«JBJ«Sti4, CQ<b£cD«f££H9 <d)<D 
ISIBTSrJ-,. B9 (a) *©K«»H9 (c) ©14 0 
3CC*tJ£LT(,>4. 3 6fCGaN<D*SaiiSfi*iJttfitt 
SffiLSteiftS {00 0 1 } ffi*s&(,>fc&Cc ( { 1 - 1 
0 1} 7r-fev hfflb^^l^/cfek:) , ^tBUt {1-1 
01}7Tt9 hntfttAJ£SLttfe&. Ctitt, {0 
0 0 1} ffi©JS8S^)iS^^Oj0ESr*4(D(c»L 
(1-101)77^-; hffi©J«fitt«6lWK:^^ 

(^s#tc*fLr«^f^j) ^©jatsr*s. C 

oil-ioi} vr^v hffl©jafi*s*&asciccj: 
^■C«SB4-0 3^a*0t6«>-4. LfrhUWh. (1- 

ioi}77*7 hBB-cfliafeW8ito*is*-cj*fii**«i 

il/JSStc J: o TSii^i: LttfcGaN 
H±*TK:|ftra^i;a. C©BN0«Jffi*H9 (e) CC^ 

■r„ a 9 (e) itKOBsasaf^fttt. -en^enH9 
(c) in 9 (d) ©«rtH«:»iCLri>*. a±©» 

H^iHSB 4 0 4 *Jgjflfr 5 *> O i ft S. 
[0103] COJ:06CLrj|5jflE3hft:SiHW404CC 

aji-Ki. ^f^/i/aESccj:-3TS?Ha54 0 4 3&sai*4is 

ic { l - l o l } v y -fe v hWZm&ffit Utllffl 
^Stt*^6««^CCjf nft^SfcfcCCG a NJH 
4 0 5**ffifcM^*J|jMiffi«**(S«r*feOt 

[0104] simmm»m^Kj&&ztiitm»D» 
a<, «A»as»ojB«2*fctt3iRi«K:fflsaJ3&j* 

^3tia<, 

[0 105] <*»<D*«1 3) 3BUS<D?Bttl 3«, 
9Hb<D^Kl 2 0«^|fii|ta{t«l*««SflO< 1 - 1 

o o ^faic&mLtc^temiMmm 1 2 <tioj«T:^ 

4. 

[0106] iot, mi&cDBm 1 2 119 

(a) - (c) «rffil>T\ *3afe©0JS«:8(iWrS. 

[0107)19 (a) tt. t7 7 >f7lg4 0 0, G 
aNA 7 77S40K GaNI402, GaNJf40 
2±lcm&StiftM4r 0 3 % bMH»4 0 3«3n)fc 
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GaNJ!4 0 2±tCGaNffi4 0 5 3 i*/c t » , 

4i, GaNH4 0 5*6«St3h"Cl»4. /c/cL, H 
9 (a) *©K«», 8t4 0 3©^*^fctofc«:& 
±E*Lfcfe<0T*f3, GaNJ«4 0 5*?SJIT£££ 

[0108] *tc, *|S«©J|5!B©GaNJK40 5(Di5 
CVDWBPfcJRiSC SMS^l 100U H a #H io 

i i iBaRH-tLTh (tmg) 

£V««H±l,T7>*-T (NH 3 ) *JSK*WC« 
it&U J&BfiS5 5 0"CtGaN^!?77l40 1*3 
OnmfiRfiLfc. ±fiBJSfitt;' Ga * 7 r»£W(C 

GaN^?7Ti40 1tlSftLfca, Slgifflg* 
1 0 5 0 a C*"C#aS^-C, GaNJ140 2*2 (zmg 
S3 t«fc. J«C. G a NJf 4 0 2 S L feSti 20 

<£IT\ t^T^rttfrGaN^KiKr. ) *MOC 
VDfflKjp^^BKOHiLT:, Ga NM4 0 2ffi±tcSlS 
tt-f ^>X5r^>^ffi*ffll>rGaNIS»CC*fOT< 1 
- 1 0 0 >#|fiJlCj||4 0 3 *JgJ6£l/fc. i403 CDfflBS 
IliGa N£gQ {1 1-20} S*^/v~CC>& Q C<£> 
<b#tCjgjSSS*lfc«4 0 3O±fflii:Kia«Wn 
(b) tMQ <c) (c^Lr^S. H9*C7jv3ti& 
*5tC. «£fiffi«K:GaNIWSR»6tifcai«ia^r 

[0 1 0 9 ] ?g4 0 lib = Sum. UZh = 1 u 30 
nrC, «i«CDrara ( imW) L = 7Mmt« 0 CO 
t» <Di©lib ii©SS h iOBffit h^0. 2x 

[0110] ±iB*ffi«CJ; r>T®J353ft/c»4 0 3^t 
trGaNH4'0"2JbfiC. ^«S©B«1 2i|3|«(C, HV 
PEffi^-CGaN!4 0 5*8 0 ju mfSSU/c G 
aN!4 0 5»»4 0 3 *ffl?53 T¥itK>&g 0tc o 

*^a«rGaNjK4o 5<omwamtVr^ittc 

rf#e>nfcGaNjK4 0 5©miBte(aaa[B»i o 6 - 40 
io'cm- 2 t*ot HirsBsais©jgaiigitttcs 

[0111] jg40 3©*rffi^ttte^r*^fc;&s, G 
aNI§4 0 SifiOt&timSV { 1 1 - 2 i } V r*fe ? 

4. (ll-2i)7 7 ^>; hH3W«B«ffaEr 6© 

*4<t i i rj^n^o^BEtbcc^u, vmmu/i i i so 
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mmwmbmftM^t a 1-20} ? r * ? vwtm 

j£3ft^*r<. {1 1 - 22} B5* {1 1 

-23} m^mULtcV y*>y hHflttMlS. 

T4<DfcJ:, { 1 1 - 2 i } ffiifi ( 0 0 0 1 } ffiCcjt^T 
GaNOlSftStfiaSsWi^fcftr**. Wc. {1 1 
-2 0} 7r-b9 hffitt, f&Sffi {0 0 0 1 } CtatLT 

GaN©*saswaafeii^. 

[0113] *38»<D»fll 1 3 r«4 0 3 *< 1 - 1 0 
0>^i«RSWfc©tt* Bfbtt^MHSA (#KGa 
NttA) tcHLt. (0 0 0 1 } Wci£^T*g||J&B2 
BM>BC> {1 1-2 i)E (0^i^3) *8t4 03(D 

3M*iBfi© (1 1-2 i) 1 (ft5^U7T-fe9 hffli 
L~C) *S3H*i**ffir*tiK, ±fffif£>< 1 - 1 0 0 > 
^Rj&CRSfcO'Cttttli. GaNR4 0 5rt*j*4 0 3* 

[0114] GaNI40 2±fcJ&3E3ftfc8l4 0 3 
GaNJK4 0 5<DJ*S<hit)CC«©863^a£<&-3 
fc. Cfttt. {000 1 } ffi-C<Dfi!Efi*s { 1 1 - 2 i } 

&-?fc±5*cm*sfc«>r*4. 0**3, {11-2 

i)I*i{00 0 1 JIJ:0 t GaN©*SafiEfiiiK*« 
ilt»ta& (SntttkAEMASfiCO . { 1 1 - 2 i } W 
tCTttJfeLrarfcGaJjR^GaNitt-prBlOiiSEn* 
IMc {ooon ffitcGaro j f L * J ti:*fflStiro*t^ 

{0 0 0 1 } I±tNIT-i^LTGaN«S1-^ 

©j^s-cf* e ft fc±ia«©i£ 3 « , mfetoBm i 2 tit 

^X&'J>m^tc 0 Cfttt, H*©0J8l 2 CD { l - 1 

01}7rt-; hffiiJt^^i. lll-2i) 

v bW (OSi ^3) OGaN3BBjafiiifl[*i«l^c8& 

(28ffl»4 0 4 3»^S<tt4) fe«)Kt*A6h 
S£^r, «4 0 3 *< 1 - 1 0 0 >y3fttCj&l3iLtc 
m&te. ^}HIB4 0 4*3i5fiRLtc<l»Sft*i*-5 B friB 

wst^ffit it, i4 o 3 *< i - 1 o o >yf^nm 

Ltcm^cm^), h^0. 2xbtfctth^bOHM 

4 o 3©sautcftL/Ti^ci*s»*i/Li. ±saafitt 
5£*>Tttai^. cocfc^cc-r^cir, {11-2 

i} 77*? HBCC^l/fcGaflt-T-WjflOfiWtGa 
NJ14 0 2S1 ( (0 0 0 1 ) 1) CQi^MCCI±ttti3 
ft. {1 1 -2 i } yr^v hffi<Ofltfij*tt*W^*C 

i *t-c * 4 cor b tc c i * t m±> ft ^ o mizm<Di&8&c p± 

d m 3ft/cG a K^-ttflKOKatcjEaEfiUr 0 * 5 i><D 

<o, GaNi4 o 2*®icit-<T, j»awi#xa*Ag *C 
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x-htiz* mom&&y-7T jrcom^ u 1 

-2 1} ?r-fe* hM^^tttfflSn^cGa^^^ 
T^T±tC«ftSUK:<t^C<!:^^W^ { 1 1 - 2 i } 
7 7 t-; hH&CKO ttffctf), (ll-2i)77t'; 

hw<oi$ l &m&*mji2>ct&-c$'r, *ft4 0 3cD8i3 

[0115] ±jfiL/tea»40 3*«JI5jaE3*ifcGaNJi4 
0 2 ±<DJ0tfitt. GaNl405 CDSBajsKfisWitfKo 10 
tiX {0 00 1 } KD^Sig^L, g&ffjCCtt 

(ll-2i}7?-fe9 h^B4hfc=ft^©G!]i!b 
JWX*Wr*»#»JiS3h*. fcrtiU {1 1-20} 

[0 11 61 iE7r-b> h»tt©9 6. «cDffliJ^®i 
LT {1 1 -2 i} 7 7 ^^M(0<i^3) ifiWS. 

)Witr£, Rt*ffiUjt<kttS (0 0 0 1} ffia*ttctfctf> 
tc. <%Stt lll-2i}7T-b9 hffi^M^gbfe 20 
**. CtiB, (0 0 0 1) ffi©jaft3WriEft(fc&|nJ©fi!c 
gr&£<D&c*fLr. {l 1-2 i } 77t>; hS<9&£ 
fitt«HWcc^^^^*i^ (JiSfi**«:Ji#ur«*|fij) ^ 

cD^Sr^>^ 0 C<D { 1 1 -2 i } 77-iZy bffiCDfSS 
^tt*«Ci{Cj:- 3 -C»»4 0 33&ia*»3t&a&*. 

{i 1-2 i} 77t? hffit?«BB*safon 

JHSB4 0 4*JBrifr4fc©t&*. 
[0117] — SOPJSMi U (11-20) 7 

it*. {0 00 1} ffi©l£fi«#InI<DflEfi£, (11- 

20} vr^v hmtDZT-zfrHfo (t&mmtttisxm 

Jtt) ^(DfSM&fflttcmzZo ccd { l 1 -2 0} y 

rty hmoeLA^^xmaA 03#ai ^ 
u*»uft#e, ( i i -2 o} 7 has"C8i»*sa 40 

3 #314 0 3*«flELfci*O8R3J:0fc8E<ttoT:^ 

SfrDWm 7? ;Md»Bc J: x tSAJffiS LtSrfc 

Jtt»R:J:0^K:|g^-Br«:|RBl3W^C*. tLhCDWH 
**^«»4 0 4 *»«TS £><D<!: ft £ e 
[0118] C<D<fc5lCLT0ia3h/c£ffl8B4 0 4 4C 
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«Wt. ^^^J6S*fcJ:or2W»4 0 43Wl**IB 
{ 1 1 -2 i > 7r-fe^ HB*«»ffict LTKjMtfik 

4 0 5^®KliilJi^€»«ilK{iS[g^ia^-r^fe©<!: 

[0119] m\&¥m»m&±*c&i&ztitLm$M>m 

3h^«W©«b«cj#UrhShr**<!:#tt, ?*SW 
< JRH # * *Jjfl»©JS»a -CSB1 b ft c > tab 

fc, »»3S«WaT*Cift<SJH»3WjaflE3ti*. 
[0120] *3e»©JBS8©J: ^«c»»©j&|b1*< 1 - 
l o o^rnjccjBfiStyfeJS^ 3IJ6©j$ISi 2riB»b 

/c<l 1 -2 0>^lSlCCJBjRLfct#tJ:t^"C. ±8E7 
?^Jl'J««iSK»*a<, GaNJK4 0 5©Mi¥^r/l<S 
$ft<<h£>, Wj:GaNl4 0 5^Cim 

O5^aX0ft:Lr. GaNlSiLttitSCifct 
*-5U». *Hl©»!lt^F)nfcGaNI4 0 

5±{c, mm<Dfcm 1 o sfcitiako^s 1 1 ©?&*« 
[0122] mc. **»-r**sffli4W-i- 

-TSi. < 1 - 1 0 0 >#|4j*J#* L < . «£^"C. »<0 
3ftiS*filfe*fc. < 1 - 1 0 0>3Fltjr*5C£*i#* 

fi£b-C4>m^L. «*3R?ft»J*a. -tJ-7r^TSS4 

[0123] **tfe©J^«|-C^L/c?tg(J©*fS]5i, < 1 
- 1 0 0 >Jffifrli± 5- «rtT**H*«SWOJI5JB4 

stt<^»jii3»if» 6 * -s „ * fc. mm<D&m 1 2 ©m^P© 

^rSjtC*Jt^-C4> < 1 1 -2 0>*|6l*>^>+ 5" feirtT* 
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[0124] (mmcDnmiA) ^mrn<omm\Au. 

9Etfc<DJBtt 1 2 £fctt£ak<D0JB 1 3 CD, «S5cDJSSR^ 
<£S G a N ^ v V r M £ "CJB 0 Ttf T B/£ L fcJ£t Mi , 

msm&m 1 2 sfc'Bsgkoj&jft 1 3 tmm-c&z. 

[0125] ^m&<omf&VfmStltcGa NBb 0 5 
©»S4H1 0(a) CC*rrr o B10(a)lt *7r 
0 0, SiGaN^977l5 OK G a N 
15 0 2, 3HH8B5 0 4. G a NJH5 0 5 , ^SGa 

GaN«5 0 5fiWHj&*ffi«coi»r»wrs. *r, * 

?r ^TS1£5 0 0£MOCVD^S^CtS&3*U 3C 
iggl lOO'C, H 2 #H»4i-c l 0^ra^-v;i/>7'; 

(tmg) iv«aa*4iL"cr>*-r 

(NH 3 ) 4«fi£ViK:tt*&U fiKSSKB 5 0°C-C{fi 
aGaN^r77l5 0 1^3 0nm^L/c e _hfBJ5£ 
gB, ffifiG a N a' 7 7 r 1 N a' 7 7 r 

»*fctt{gfiA UG ai . x NA'^rl (0<x< 1 ) 

H£B, 6 0 0 ^T<0«fiMK^{B»*W**J«ft 

[0 12 6] ^/c, «rgBfiia^<y 7rJiO»Sfttt6i, * 

fft. s«as* i o 5 o-carsfflS'&r, GaNi5 

0 2 £4 Minte^t t©J:5CCLTft«L*aSSfi 
IIfSJI8ij*£III 1 0 (b) l£^f 0 fflGaN^-^7 
iSOimiTiofc^ GaNI50 2^ilT 
SfcfcOC, jflESiaa*d>& <ifciO0O "CfiLhCCitf 
#ft»*6*ISJWcSe{fc-j-4. fi£o"C, GaN 
Jf5 0 2«RSf*<DfiiBGaN/<^7rJlB, j&* 

[0127] JJcfc* HffiGaNH.5 0 2 4 -C*Sftl3EB L 
fc»«tJE(aS-f*>i^^>y*fflHc"-b^ H,, Ga 
Nf5 0 2S±(Ci5 0 3^MUc e CCDi^CD^CD 
Ml&Zm 10(c) CcS^T. 815 0 3 tt. fgb = 8 u 
m. i£3 h = 3 . 9 9 Mmr, MtmofSm ( 1 JIMS) 
L=2 0izmt*5. C<D<fc5CCj*5 0 3©J^jW£fi 
GaNA 7 7 7 I50 1 CCSfifT £ <fc 9 CCjfJfiELfc. St 
5 0 3 ©#ft«ISJScW$!R 1 2 Sfc«|6ft©J$B 1 3 <D 
J:^cc; < 1 1 -2 0>*rnIfeU<B< 1 - 1 0 0>H 

[0128] ±ta#ffitCJ:otM3ti/c»50 3£^ 
trGaNJiS 0 2_Bc, I96©J&J»1 2 <h IQtigCC , HV 
PEM^tGaN!5 0 5*30 0 Mm^gSf 
fc. GaNR5 0 5tt»5 OSitSffll/T^- 

ilKCfilWfc Lfc. Tfe^SSa^rG a NflgS 0 5 cr>*HII^ 

m<D&mi 4Tf#6ft/cGaNJ^5 0 5©Bifi$£l£SK 
B$ft 5 x l 0 6 c m~ 2 ~C$> •*> tc 0 *fc, ttB^tk<Z)J£fli 
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[0 129]GaNJH50 5 #815 0 3*tfaBL"C^< 
-te* tcot^-cHS UfcttSKTO c £ -9 /Co 
GaN15 0 2 JtCCJ&SES #afc« 5 0 3^ GaN§5 
0 5O«fiiibKiaiO8BS36cijB<tt-3fc 11 CtiB, 4» 
5 0 3©JSS^{aiB3^(IHaGaN^5r7TJl*raUT 
1>T, tt»5 0 3Ofi«Kl»«lA<DGaN^64taE3n 
ri*4fcAr*4. KfE»5 0 3Ja?f©GaN 

10 Jf 5 0 2Oii <QS) Ctttjg»ireAfiCGaN#|£A 
ifilit&Ti i><D<D. «fiB«aP5Ctt. £*SSG a N 5 0 6 

21*. «5 0 33WB*0tc< <tt-or, te^mc^M^ 

tcjSR«**l?lK:jflEfi*tCBJi3tifcfcft, *fc*fc»fiD» 

[0130] £Ur©C£jfr6, ^T|5|SB50 4*J&Sfcr* 
»Hibr«T©Ci36S#ite»n5. 8t5 0 3«if©G 

aNji5 o 2<omm last) b, ioood kdm 

fl«K:j:or»»5 0 3 30tfami/*68&5. U*>Lfc# 
6, ?g5 0 3«, ^*6AGaN5 0 6©fca&lC&;fr&j&» 

tc£>, »©SS3*J»5 0 3*»JiSUfct*©*3J:0«> 

e>«C *»W*ttS"C**C:i3!Pe>. GaNl5 05i 
Bi»KWR:^tt*Sorj«fir*ci3&sr*r, i503 

JWi^CDGa NJf 5 0 2 <D*ffi (QfflJ) J&>6<D^^;l/fi£ 
[0131] ^«BGaN5 0 6BSC»fiCS&5 

tC k Sfl«5 0 4*J*fiIG a N 5 0 6 "CI* -D/ci I 
Tfe, **SaGaN5 0 6<Dfi±(DGaNIB5 0 5«S 

[0132] COj:^0cLr?gflE3ti/ca?H»5 0 4 
L < ti^JSfiG a N 5 0 6 CCJ: or, MiBlSJiW^^ 

40 ±saswaB«^«c, ^x^^stc^o'c^migRs o 4 

hffljWafcaWcGa NI5 0 5fi«9(casr«SSIi 

[0133] 3S30S©»«C[>fiJffi*jSt ur, WJLtt, 
^7-fTlS50 OtWWBrHfifflW, 30 0/im 
©GaNlB 0 5*aX0/cUT, GaNlfiiir^ 

racier**. 

[0134] *S^B, *SI6t©JB*-C»6nfcGaN 
15 0 5 ±CC, »fg(DrBS§ 1 0 $ ftitmt<Oim 1 1 © 
50 we*^*fHR-r4Cifcj:-5r, Wlfi#tt©fttifc* 
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coi35] $?*c, ytzmrzimmzm-rhm+iz. 
[oi36] ±iaaiau©*3fe«*^ i ^mBo/toa, io 

<b. < l-- l-0-0>*|ijaW»ri><;-'tie^r; *©JBflE 
-ftfait&tn, < 1 - 1 0 0 >#|pjr*SC<h3Wff»L 

.tsffias-c y ■>■ ^ ^ c i & J: o 

-^^-KSKiS-rSCli^T?**. JilSGa 20 

[0137] *n»©jgjs*ctt % 3tastc^*$aG a n 5 

<^MSB5 0 4 «r3gJSST5fca?)«Ctt, ^©iplb £«©^ 
3h4CDB8«tt. h^O. 2xb, i>L<&h>bV$> 

[0138] (SaHOJBJR 1 5 ) *HJfi©B« 1 5 tt, 
%ft<DJ£tt 1 2 09l^«Sft;«94£«fHeA<D[ 1 1 - 30 

20]i[-2i 1 oi?mo)2^faic&f&i,tcMmm 
[0139] #mm<D&m<D> g a NmoBfSJjmt. 

*F«jra. £fM»^f*©[l 1 -2 0]^ [-2 11 

0]^. [i -2 1 o]^rini(D3«*i*ini©^'6, 2 

[0 14 0] mriH?g«. Sb= 1 Ojum, ai3h = 5 m 
m"C\ «<b??t<Digp§ ( 1 JHItB) L= 1 £ 
fc. t7r-f7ifi±K:fltSL/tGaNl©/l*B6/i 40 
mtr*a. ceo c £ CC'J: 0 Saefl8&fi»*#j 7 x l 0 5 
cm-'CCfiaufc. ±8S«tt. h^0. 2xbCDB8<&£ 
S/cLrL^*i, h ^ br*-3tWK */c. 3@SfiC0 

[0 14 1] (*fll<D««l 6) «*<DJgttl 6tt, 

^tteD^ni 1 2 tm^ft&mtm^tmtma&i 1 1 - 

2 0]. [-2 110], [1 -2 1 0]#fi*Cj^Lrfc« 50 
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W*38»DJKB1 2 4[5]0-C&£ o 
[0142] *!8ft<D»lBO, G a Ng©J&££«W:, 

uss^s* i 2traao*ttrf«Lte. fetch. m<D 
-tm\*> fi^t?w*«#©[ 1 1-20 [-211 

0]#|5h [l-2 10]S^3iM^(D^, * 
[0143] W«a«tt, iHb = 5 Mm, g£S h = 5. 5 

umx\ mtm<orsm (imm) L=i0iimt*s, 

umXh%> 0 COC<!:CC-J:»)»jilEfiL«a^«j2 x 1 0 
T^S*^ b>h^0. 2xbt*otfci:k g/c, 

1 4 © j: 5 ec. m*Dmm>&m&* * 

[0144] (UttOJglB 1 7 ) #SSJfc<D^K§ 1 7 tt % 

0 o ] t [ i o - i o ynmmf& iticWtizmmmm 

1 3 tfflCVfoZ. 

[0145] *mt<0¥B&<0* G a NMcD^/&#ate, 

*fSl«. ffiffc»¥*tt©[l - 1 0 0]#|»K [10-1 
0]^. [0 1 - 1 0jfifa<D3m&>&-J]fa<D*>%, 2 

[0 14 6] iwaeSItt, (pib = 8Mm, m$h = o. 9 
9 u mt, ^i^orapg ( 1 L = 1 6 m m"C£> 

f77^7lt±«Sl/cfiSGaN^-; 
7 7liGaN!Of*lt *ti^h. 30nm. 1m 
m-C&£ 0 C<DC Ate J; 9 7 x l o 6 

[0147] ±iBflt«. WJSapottH^iSia^^ * ? t « 

*"CS«a-rSJ:^tc«JBj5ELT:^S3fts, h^0, 2xb 
[0148] (SSfgCD^ 1 8 ) 1 8 

siifeo^^ 1 3 <mj3ft*&tttomi$#m&<Di 1 - 1 
oo]. [io-io], [oi-io ]*iPjccjgiaEi//cja 

[0149] «8»©J&»©, GaNKD^ttfflt 
*filtt, »t**«MtO[l - 1 0 0]M [10-1 

o]*jnj. [oi-i 0]*[fiio3a*s*i5i©^%, ^ 

[0 1 5 0] ttsaaitt, fflb = 4/im. gg$h = 0. 9 
8um-t\ »4«ONRI ( 1 iHS9> L= 1 0 jumT^> 
^ 0 *fc % ^7r-/r»«±fcllSSLfclfi!aGaN^5r 
^r«4GaNJlCDff*tt, ^tl-en, 30nm, 1m 
mt*5, C©C4tcJ:DS3MEfl[ffia3&«lB2x 1 0 s 
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cm-'tCfiSlfc. 

[oi5i] ±&Mte. mBsao&mtflisM^v 7 7 i- 

urfccfci*. 3 6ic, 5c»©8l6c*iWS. SMI, 3I©S 

[0 152] (SUBO^Sl 9) 43lik<DJBfltl 9tt. 

8fe&ioj*< 11-2 o>*rsj<t< l-ioo >^rnjcc^ 

flELfcKJ1-«. UttOStt 1 2 ifcRlSlfcOT&flll 1 3 b 

mcx%>% 0 io 

[0153] 1&8fc<0]m<D* GaNitOJBlSWffiB, 
UttQJBtt 1 2 SfcttSmcHftB 1 3 4Ha<WW2TCf[s 
«L/fc. tctcb, »W*»»0< 1 1 - 

2 o >#fr£ < l-ioo >#ifin?*&. MraB9»». *b 

b = 2*inu &£h = 1 Mint tt&ftDNIH ( 1A 
M) L=3vmX&*> 0 *fc, *^r-fT*fti:«C«* 
LfcGaNJl©ff#tt2 unn?*£. C0t<tCCJ;9K 
aK{ft«a*s»5 x l o 5 c m-'CcfSML/c 
[0 1 5 4 ] ±fa«B, h^0. 2xb<DK%iffittV 

[0155] 

<t o , »tw*w*i»? ttittmmtmositx 
tt^*n B nHaait«*awt*. &*t*2&i»$fi«fT9 30 

fc. 

[0156] 3 6tc. ±iES<t**3»»ilO«ttK: J: ^ 

^LED*fcttLD*ffiW-rSCi36S-ctte. 
[0M<DfffliJi&tft9n 

[0 1 ] *9^030k<D7ftB 1 ©»b«PP»#*7jWH 

X$>Z a 

[ h 2 ] H¥m<Dmm<Dmm 1 <dmt«h»«*sw- 0 40 

[03] *lfe^cD^(0^2OttIX«^SS*^S 

CH4] ^^<ommmm3(oif{\jMmm^n^rm 

[0 5] *^(D^C0^9(DJmX^S^2li>^b 
[06] *ft«03lttcD}Bttl (XDU-tfy^-F* 
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[07 ] *jW<D9ttfcDJBARl 1 <D#3fef-f *- F** 
«ig€r^"r0-C*5 o 

[08] *»!8fc*»4JEatfi»ffi«ttM-f&ia-C**. 

[0 9 ] *mxo9m<mm 1 2 ombtt^wwtjt 
[010] :4&w®9gtta»ftM 1 4<Dmit&*m#Km 

1 0 0 j»Xflfi£S« 
110 is 

111. 112, 115 m 

1 1 3 DflCjgp 
114 ASP 

1 1 6 mms 

1 2 0 GaN^?7ri 
12 1 niGaNi 
122 GaNH 

1 2 3 as±<DmMb¥mm 

1 2 4 »±(D»fcft^ttff 

1 2 5 S{t«gi|£4K* 

2 00, 3 0 0 £ftW¥tftt«t£ 
2 0 1 Si K-^nSGaNl 

2 0 2 S i K-^nSA 1 GaNl 

2 0 3 Si K-^nSGaNI 

204 nilnGaN/InG aNJli^l 

2 0 5 pSA 1 Ga N»JH*ih« 

206 MgK-^pSGaNI 

2 0 7 Ms K-^pSA l..iGa.. t NIB 

2 0 8 MgK-7'piGaNI 

209, 305 

210. 3 0 6 mmm 

3 0 1 » lCDn^GaNlf 

3 0 2 *2©nMl^*#FI nGaNJi 

3 0 3 p MA 1 G a N»JF6IK±Ji 

3 0 4 !3(Dp5fGaNa>^^ Ml 

4 0 0 if7 7 ^7lS 

4 0 1 GaN^7 7 tM 
402 GaNI 

4 0 3 « 

404 g.m%$ 

405 GaNI 

50 0 yyrJTmm 

5 0 1 fifiGaN^';7 7i 
502 GaNI 

5 0 3, 5 04 Qm%£ 
5 0 5 GaNJBt 
5 0 6 JftfiGa N 
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